How does the brain control dreams? New science shows that a small node of cells in the medulla -the most primitive part of the brain -may function to control REM sleep, the brain state that underlies dreaming.
Our understanding of how the brain regulates sleep, including rapid-eyemovement (REM) sleep, is in the midst of a renaissance [1] [2] [3] [4] . And in part this is linked to the development of new technical approaches (e.g., opto-and chemo-genetics) that have enabled researchers to interrogate the function and state-dependent activity of genetically defined cell populations during behavior. In a recent issue of Nature [5] , Weber et al. capitalize on these new technologies and identify a new population of cells in the medulla that play a role in controlling REM sleep. Their new findings not only shed light on circuit control of REM sleep, but may also bring us one step closer to understanding why we dream, which is considered one of the most important questions in science [6] .
Prior to the discovery of REM sleep [7] the prevailing view of our nocturnal existence was monolithic and reflected a simple and passive withdrawal of sensory inflow to brain. In other words, sleep took only one form and, during this sleep, the brain was inactive. And so the discovery of REM sleep, which took the form of intermittent wakefulness-like activity in the electroencephalogram (EEG), was a watershed moment in the neurosciences and was met by neurophysiologist and psychiatrist alike with awe and intrigue, but also skepticism and resistance. Another intriguing element of REM sleep was the fact that humans awoken during an episode of REM often described elaborate hallucinatory imagery. REM sleep therefore appeared to subserve human dreaming, suggesting to some that a new state of human 'consciousness' had been uncovered.
While the biological function of REM sleep remains speculative, considerable progress has been made in understanding its control [8, 9] . Transection studies were the first to identify the brainstem as a key region generating features of REM sleep [10] . Subsequent lesion, stimulation and cell recording studies refined our understanding of REM sleep control by showing that multiple discrete regions within the pons and medulla contribute to the regulation of REM sleep and its defining features [11] [12] [13] . More recent work has revealed that a 'command center' in the dorsal pons called the sublaterodorsal nucleus coordinates the timing and features of REM sleep [11, 14] showed that acute optical activation of vM GABA neurons, but not intermingled glutamatergic neurons, rapidly induced a transition from non-rapid-eye-movement (NREM) to REM sleep. They then showed that optogenetic activation of these neurons contributed to the maintenance of REM sleep, whereas acute chemogenetic inhibition of these neurons reduced REM sleep. Thus, it appears that vM GABA neurons satisfy the criteria for both sufficiency and necessity in REM sleep generation.
To extend these findings, the authors recorded the spiking activity of vM GABA neurons across behavioral states. They found that these neurons slowly began to increase their firing rates before entry into REM sleep and decreased firing abruptly at the end of REM sleep. This firing profile was generally consistent with that expected from neurons involved in the initiation and maintenance of REM sleep. Interestingly, the authors also found that vM GABA neurons were active during waking, a finding consistent with previous recording studies showing that most vM neurons are wake active [16] . When the authors activated vM GABA neurons during waking this caused mice to eat more, R34 Current Biology 26, R22-R40, January 11, 2016 ª2016 Elsevier Ltd All rights reserved
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Dispatches but, surprisingly, did not promote wakefulness. Therefore, although vM GABA cells are both wake-and REM-sleep active, optogenetic activation of these cells primarily affects REM sleep.
In addition to determining the functional role of vM GABA cells, the authors used a combination of mapping techniques to determine their projections. They found that vM GABA cells project to the ventrolateral periaqueductal gray (vlPAG), a pontine region that functions to suppress REM sleep [17] . Based on this connection the authors hypothesized that vM GABA neurons might induce REM sleep by inhibiting vlPAG GABA cells that normally prevent REM sleep. In general support of this hypothesis, Weber et al. showed that optogenetic activation of GABA cells in the vlPAG inhibited REM sleep, whereas stimulating terminals from vM GABA cells -within the vlPAG -induced REM sleep.
While these data support a role for vM GABA cells in the control of REM sleep, several important questions remain. The foremost being why did vM manipulation not impact motor activity? It is surprising that inhibition of the vM did not prevent REM sleep paralysis because lesions within this region in cats, rats and mice produce excessive motor activity during REM sleep, and neurodegeneration in the vM of humans is associated with REM sleep behavior disorder -a neurological condition characterized by violent movements during REM sleep [18] . It is also curious that vM activation during wakefulness did not induce cataplexy (i.e., involuntary muscle paralysis during wakefulness) given that in narcoleptic dogs some vM cells are only active during cataplexy (and REM sleep) when muscle tone is absent [19] . One explanation for their unexpected results could be that different populations of GABA cells within the vM control REM sleep paralysis and REM sleep. Another possibility could be that activation of vM GABA neurons inhibits the vlPAG, which, in turn, disinhibits the REM-promoting sublaterodorsal nucleus, which then directly triggers muscle paralysis. This fits with previous data showing that reciprocal connectivity between the pons and the medulla is necessary for the generation of REM sleep and REM paralysis [15] .
That vM GABA neurons can potently drive REM sleep is an exciting finding that informs a conspicuous knowledge gap. But it is important to keep in mind that these medullary neurons necessarily operate within a greater circuit framework. For example, optogenetic activation of glutamate cells in the sublaterodorsal nucleus [20] , cholinergic cells in the pedunculopontine and laterodorsal tegmental nuclei [ [4] , and melaninconcentrating hormone cells in the lateral hypothalamus [1] all have powerful effects on REM sleep timing and length. Hence a distributed network of circuits that are located throughout the brainstem, midbrain and hypothalamus controls REM sleep. A critical next step will be to identify how these discrete circuits communicate with one another to produce normal REM sleep and its classic features.
